Objectives The aim of this study is to present a systematic review of available literature on the effect of maternal ethnicity (Africans/Blacks, Asians, Hispanics, others) on the risk of preterm birth.
Introduction
Preterm delivery is one of the most important factors contributing to perinatal morbidity and mortality in obstetric practice 1 . Preterm deliveries are those that occur at less than 37 completed weeks of gestation. The preterm birth risk has been reported as approximately 11% in the USA, between 5 and 7% in Europe, and 6.5% in Canada 2 . The major impact of preterm birth on public health has led to broad attention to the topic in scientific research. Many studies have reported increasing incidence of preterm birth during the last decades, mainly caused by an increase in medically indicated (iatrogenic) preterm delivery [3] [4] [5] [6] [7] . Unfortunately, it appears that efforts to reduce the risk of preterm birth have not resulted in lower incidence figures.
Preterm delivery results from a number of disorders, including known and unknown maternal and fetal disease 8;9 . Risk factors include specific pregnancy characteristics, obstetric history and basic maternal characteristics like maternal age, socioeconomic status and ethnicity 10 . Despite the identification of all these risk factors, the way that the risk factors interact in and contribute to the aetiology of preterm birth remains largely unknown 11 .
Numerous publications have shown profound ethnic disparities in many areas of health and health care 12 . Ethnic disparities in perinatal healthcare outcomes, such as preterm birth, have been relatively intractable over the past decade 13 . Comparisons of groups in the United States, most of which compare African Americans/Blacks to Caucasians/Whites, and candidate gene approaches have suggested an ethnic predisposition of Blacks to preterm birth 3 . This predisposition could not be explained by differences in medical, social, and behavioural risk factors 14 .
However, several studies have reported contradictory findings on the relationship between ethnicity and preterm birth, mostly focusing on the ethnic groups living in the United States. To the best of our knowledge, no systematic review of the available evidence has been published on the impact of race and ethnicity on preterm birth. Therefore, the aim of this study is to present a systematic review of available literature on racial or ethnic disparities in the risk of preterm birth.
Methods

We used the Cochrane Collaboration's Handbook for Systematic Reviews of Health Promotion and
Public Health Interventions 15 as a guideline for performing this review and meta-analysis.
Data sources and search strategy
We searched the electronic databases of MEDLINE (US National Library of Medicine, Betheshda, MD, USA) and EMBASE (Elsevier, Amsterdam, The Netherlands) from inception till August 1 st 2011 for
English-language articles published in peer reviewed journals. The search strategy is summarised in Figure 1 and available on request. It combined terms for ethnicity with terms for preterm birth. Besides general terms for ethnicity or race we specified search terms for the three most frequently investigated ethnic groups, namely Blacks, Asians and Hispanics. The search terms for MEDLINE are outlined in Appendix S1.
Study selection
Each of the initially identified articles was screened by two independent reviewers on title and abstract to determine its suitability for inclusion. The review included studies which had ethnic disparity as their main theme. We included studies which had preterm birth as their primary or secondary outcome and where the aim was to describe ethnic differences in preterm birth risk. We restricted our inclusion to studies that reported on primary data and adjusted for confounders. We considered socio-economic status, maternal age, parity and marital status as the most important confounders. All English literature was included. Gray literature -including unpublished abstracts, technical reports and dissertationsand comments, editorials and letters were excluded. We only included information available from the publications and did not seek additional information by contacting primary authors.
Definition of maternal ethnicity
The main determinant of the included articles is the ethnicity or race of the pregnant women. The terms ethnicity and race are used interchangeably in the included studies for the systematic review. In fact, the investigated determinant in most studies is often a mixture of ethnicity and race. To improve readability, we will only use the term ethnicity in this article. The definition of ethnicity is not straightforward when comparing international literature 16 . Often ethnicity is determined by the doctor's report or by selfreporting. We included all ways of determining maternal ethnicity. Studies reporting on only paternal ethnicity were excluded, but if results were available for the maternal/paternal ethnicity combination these studies were included in the present review. In this review the results will be described per ethnic group, which are Blacks (mostly Afro-Americans, but also Africans), Asians (South Asia, South East Asia, Central Asia), Hispanics and others (e.g. North Africans or aboriginals). Whites (Caucasians) will be used as the reference group. 25 2
Definition of preterm birth
Preterm birth is defined in de broadest sense as birth before 37 completed weeks of gestation. Studies that focused on subgroups of preterm birth (e.g. very preterm birth at less than 32 weeks of gestation)
were also included and reported separately. Studies considering spontaneous as well as iatrogenic preterm births were included.
Data collection and quality assessment
The systematic review team consisted of five members. There were two master's-level researchers who acted as primary reviewers Preterm birth is defined in the broadest sense as birth before 37 completed weeks of gestation.. Furthermore there were three doctoral-level researchers, all with extensive experience in social epidemiology in general and specifically in obstetrics. If the primary reviewers could not reach consensus the expertise of the three remaining team members was used to reach agreement.
The two reviewers scored the articles that were selected after screening title and abstract. Quality assessment was performed by using an adaptation of the Quality Assessment Tool for Quantitative
Studies of the Effective Public Health Practice Project 17 which was modified by Blumenshine et al.
for their systematic review on socioeconomic disparities in adverse birth outcomes 18 . Study quality was examined in four areas: (1) Size and representativeness of the sample; (2) study design, based on epidemiologic design and the appropriateness and clear characterisation of outcome measures; (3) data collection, based on the description of data sources, potential for bias, and data validity and reliability; (4) analysis, considering the appropriateness of analytic methods and of the presentation and interpretation of the results. All included articles were scored for all four areas resulting in an overall quality score (strong, moderate or weak). The scoring algorithm is available on request.
Data synthesis and statistical analysis
We designed a data abstraction form, and the two reviewers abstracted the data separately. We recorded data for each article on the ethnicities under investigation; the outcomes examined; and the direction, magnitude, and significance of each association, both before and after statistical adjustment for confounders (when possible). We have collected the published raw data for meta-analysis. Most studies reported only the statistically adjusted results, which provided conservative estimates of the associations of ethnicity with preterm birth. The measurements of comparison consisted of mostly adjusted odds ratios (aOR). If other types of comparisons (e.g. Hazard ratios, risk ratios) were performed then this is noted in the results. To provide a general estimate of the risk of preterm birth within each ethnic group we pooled crude data of the separate selected articles. For this meta-analysis only data on the most generic definition of preterm birth (<37 weeks) were pooled and the results are presented in a forest plot. Whites were used as the reference group. We entered and analysed the data using Review Manager 5 (Cochrane Collaboration, Oxford, UK). We used the raw data from each individual study to calculate the crude odds ratios (OR) and 95% confidence intervals (CI) before pooling the data. A random effects model was used (because of statistical heterogeneity in the outcome data) to calculate combined OR and 95% CI. Visual inspection of graphical data and I 2 test for heterogeneity were performed before pooling the data. Only six studies also reported on the mean gestational age per ethnic group. There were differences in the way gestational age was calculated. Seventeen studies performed pregnancy dating by using date of last menstrual period (LMP). Two studies achieved pregnancy dating by using a combination of LMP and ultrasonic measurement of crown-rump-length (CRL), whereas another two studies used CRL data only. The remaining 23 studies did not report which technique was used for determining gestational age. Study characteristics and quality, adjusted odds ratios (aOR) for the total of preterm birth <37
Summary of included studies
weeks, meta-analysis results and aOR for subgroups of preterm birth (e.g. <32 weeks) are reported below. All abstracted data is available upon request.
Blacks
Thirty studies reported results considering black ethnicity and preterm birth. A summary of the results is presented in All but one study reported adjusted estimates after controlling for at least one important confounder. 24 is the only included study that made a distinction between idiopathic, iatrogenic and spontaneous preterm birth following premature prelabour rupture of membranes (pPROM). The
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incidence ratio appeared to be highest for the idiopathic preterm births, especially those occurring before 34 weeks of gestation.
Then we performed a meta-analysis of 22 studies which provided crude data that allowed us to pool and extract an average (unadjusted) estimate. Figure 2 shows the results. The included observational studies appeared to be very heterogeneous (I 2 = 100%). However, visual inspection of the included studies showed that the results are comparable. The odds of delivering a child preterm are 2.0 (95% CI 1.8-2.2) for a woman of black ethnicity when compared to whites.
Various subgroups of preterm birth were investigated. Five studies reported results for preterm birth before 34 completed weeks of gestation and four studies had delivery before 32 weeks as their outcome measure. Reported adjusted relative measure of association of Blacks compared to whites varied from 1.7 to 3.7 (<34 weeks) and from 2.0 to 4.9 (<32 weeks).
Asians
Seventeen studies reported on the effect of Asian ethnicity on the risk of preterm birth. Most of these studies (71%) scored as strong after quality assessment. A summary of the published results is presented in table 2. The sample size of the included studies varied between 3779 and 4,975,449
women.
All included studies reported the outcome of preterm birth <37 weeks, the broadest definition of preterm birth. Seven studies showed a significant increased risk of preterm birth for the Asian ethnic group compared to whites or at least one of the reported Asian subgroups. The remaining five studies using whites as their reference group showed no significant effect. The risk of preterm birth among Asians varied between 2.3% and 16.3%. The reported relative measures of association of Asians compared to whites ranged from 0.9 to 2.3. Five studies specified the investigated Asian groups in more detail. Only two of these studies used Whites as their reference group. Schempf et al. 25 and Singh et al. 26 reported results for Chinese, 40 Japanese and Filipino women separately instead of considering all Asians as one ethnic group. Between these two studies, results were comparable as can be seen in table 2. The highest risk of preterm birth was found within the Asian ethnic subgroup of Filipinos. Li et al. 27 and Yi et al. 28 presented data on Chinese and Korean women respectively. In addition they divided the population into US-born women and immigrants. Patel et al. 23 stratified their analyses into smoking versus non-smoking women and supported versus unsupported mothers. The aOR appeared to be highest for smoking, unsupported women of Asian origin when compared to smoking, unsupported white women. Twelve studies provided crude data and were included for meta-analysis. Figure 3 shows the results. The included studies appeared to be very heterogeneous (I 2 = 99%) and visual inspection did not allow us to present a pooled estimate. Table 3 shows a summary of the studies reporting on Hispanic ethnicity as a risk factor for preterm birth. Eleven studies were included, of which ten were performed in the United States. After quality assessment, 82% of the studies were scored as strong. All but one used whites as their reference group. All studies reported adjusted estimates after controlling for at least one important confounder.
Hispanics
Six studies reported on Hispanics without defining this group in more detail, and the reported results
show great variation. The reported relative measures of association of Hispanics compared to whites ranged from 0.1 to 1.5. Three studies show a significant decreased risk of preterm birth within the Hispanic ethnic group whereas three other studies reported the opposite effect. Furthermore, seven studies provided crude data that allowed us to pool and extract an average unadjusted estimate. The included studies appeared to be very heterogeneous (I 2 = 99%). The included studies appeared to be very heterogeneous (I 2 = 99%) and visual inspection did not allow us to present a pooled estimate (figure 4). Five studies specified Hispanic ethnicity in more detail, focusing on country of birth or including paternal ethnicity. Five studies used subgroups of preterm birth (e.g. <34 weeks) as their main outcome measure.
Other ethnicities
We included eleven studies that investigated the effect of other ethnicities on the risk of preterm birth.
Most of the studies were scored as strong (55%) or moderate (45%) after quality assessment. Various reference groups were used, which makes it difficult to compare the results. We included four studies investigating ethnic groups from Mediterranean countries including Turkish and Moroccan women and Middle East or North African women in general. Three of these studies showed no significant increased risk of preterm birth when compared to whites. For the subgroups of preterm birth (e.g.
<32 weeks) there also appeared to be no significant effect. A summary of all the results is presented in table 4. 
Discussion Principal findings
We found 45 studies on the association between maternal ethnicity and the risk of preterm birth, of which 41 reported a significant positive association between at least one ethnic group and preterm birth risk. Blacks appear to have a significantly increased (range of adjusted ORs 0.6 to 2.8, pooled odds ratio 2.0 (95% CI 1.8-2.2)) risk of preterm birth when compared to whites (30 included studies).
For women of Asian ethnicity there was no significant association, with ORs ranging from 0.6 to 2.3 (17 included studies). For women of Hispanic ethnicity there was no significant difference in the risk of preterm birth when compared to whites. Currently recognized confounders do not appear to explain the increased risk of preterm birth among black women.
Strengths and weaknesses of the studies
In general, the included observational studies were scored as strong or moderate after quality assessment. There was great variation in the sample size of the included studies (range 1868 to 21,012,605), which in turn has an impact on the generalisability of the smaller studies and, inevitably, they have less statistical power.
Most studies performed adjustments for the most relevant possible confounders like socio-economic status, maternal age and parity. Nevertheless, some studies did not control for important confounders 21;23;29-32 . Since various factors other than maternal ethnicity are associated with preterm birth, it is difficult to compare and combine the results of individual outcomes across studies because of varying degrees of control for potential confounders. Less adjustment for confounding will lead to an overestimation of the effect of maternal ethnicity on preterm birth.
Unfortunately, the majority of studies did not report how pregnancy dating was achieved. The studies that did report these data mostly calculated gestational age by using last menstrual period.
Taipale et al. 33 showed that prediction of day of delivery by ultrasonically measuring crown-rumplength between 11 and 16 weeks of gestation is 1.7-3.5 days more accurate than the use of LMP.
However, as in other studies 34;35 , Taipale et al. also stated that they found no difference in the number of preterm deliveries when using CRL measurement instead of LMP and therefore the lack of information on technique of pregnancy dating has not influenced our results to a large degree.
Forty-four of the included studies, all but one, only reported data on preterm birth as a single outcome.
Additional information on racial disparities in the three subtypes of preterm birth (idiopathic, spontaneous after pPROM and iatrogenic) is lacking. Zhang et al. 24 is the only study that made this distinction, showing the greatest racial disparities in the subtype of spontaneous preterm birth without pPROM.
The included studies show great variation in the reported incidence of preterm birth. For instance, when looking at preterm birth rates in Blacks before 37 weeks of gestation, the incidence ranges from 4.9% reported by Shen et al. 30 to almost 40% reported by Leland et al. 36 . These large differences can mostly be attributed to varying inclusion and exclusion criteria of the different studies. For instance, Leland et al. only included teenage pregnancies with a maternal age between 10-14 years. This specific subgroup is at high risk for various adverse perinatal outcomes compared to the total population 37 .
Therefore, incidence figures differ and as a consequence we did not include these data for metaanalysis.
Furthermore, defining maternal ethnicity is not straightforward 16 . The main determinant investigated in the included studies was often a mixture of ethnicity and race. In most studies ethnicity was defined by the caregiver. Others used self-reported ethnicity data provided by the participating women or studies classified ethnicity by country of origin or by skin colour. Most included studies that were performed in the United States used a classification of ethnicity into non-Hispanic whites, American
Blacks and Hispanics. The results presented in the studies are less applicable or difficult to translate to countries with another or mixed composition of maternal ethnicities.
We discussed the difficulties of defining ethnicity in the methods section. The problem of definition also holds, but to a lesser extent, for socio-economic status (SES). SES is a composite measurement of maternal education and family income. However, the way in which the composite variable SES was determined varied between studies.
Despite recent advances in the handling of missing data 38 , many studies that were included in this review performed a complete case analysis and did not use imputation techniques for missing data.
This might have led to biased estimates. Furthermore, unfortunately not all studies reported their results in a way that allowed us to pool them for meta-analysis.
Strengths and weaknesses of this review
To the best of our knowledge this is the first review focusing solely on the subject of ethnicity or race as a risk factor for preterm birth. The search strategy was broad and thorough and designed to capture all available relevant literature. Our search strategy was designed to retrieve all studies with ethnicity as their main theme when investigating the risk of preterm birth. We used general synonyms for ethnicity in our search terms. Articles with only a specific ethnicity name (for instance 'Inuit') in their title or abstract without the words ethnicity or race might thus have been missed.
The number of studies included in the 'others' section is influenced by this limitation. For instance, a recently published systematic review by Shah et al. 39 on perinatal outcomes amongst Aboriginal women contains studies on Aboriginal women that were not included in this review. On the other hand, we did specify our search terms for blacks, Asians and Hispanics as they are the three most frequently investigated ethnic groups. Finally, a narrative review Dominguez et al. 40 together with all of our included studies were checked for relevant references.
Meta-analyses are limited by biases, introduced through the individual studies as well as by the process of selecting studies for a systematic review. Before pooling the results one should investigate the heterogeneity of the different studies. This is done by eye-balling as well as by performing the I 2 test for heterogeneity. The latter showed poor results in our analyses. However it is known that the I 2 heterogeneity tends to overestimate heterogeneity in studies performed on large databases 41 . The heterogeneity might be caused by the usage of slightly varying definitions of ethnicity or the inclusion of slightly differing subgroups of a specific ethnic group 16 .
Also, in meta-analyses of observational studies secondary researchers are unable to adjust for possible confounders. However, the subject of our review does not lend itself to experimental studies such as randomized trials.
Meaning of the results and future research
This review emphasizes the independent effect of ethnicity, especially Black ethnicity, on the risk of preterm birth before 37 weeks. This effect of black ethnicity is even more pronounced in the subgroups of preterm birth (e.g. <34 of <32 weeks). The effect of Asian and Hispanic ethnicity on the risk of preterm birth is less pronounced. Risk of preterm birth appeared only to be increased in some Asian subgroups. For Hispanics we found no significant increased risk for preterm birth when compared to whites. Despite tending to be less educated, having high rates of uninsurance, low socioeconomic status and late entry into prenatal care, Hispanics have relatively low rates of preterm birth. In literature, this phenomenon is often referred to as the "Hispanic paradox" 
protective factors in the immigrant culture and (3) self-selection of the healthiest immigrants [43] [44] [45] . These relatively favourable perinatal outcomes are especially reported for the first generation immigrants.
Preterm birth is defined by using the rigid cut-off of birth before 37 completed weeks. In current clinical practice this cut-off is identical for all ethnic groups. Thus we implicitly assume that mean gestational length is similar for all individuals, irrespective of maternal ethnicity. This is likely to be incorrect. Future research should focus on the question of whether there are ethnic disparities in optimal gestational length. When investigating optimal gestational length we should also incorporate perinatal outcome in the methodology of research. Optimal gestational length should namely be defined as the gestational age at which the risks of perinatal and maternal morbidity and mortality are the lowest. This issue is an important topic for future research within perinatal care.
As preterm birth is the most important cause of perinatal morbidity and mortality 1 the results presented here highlight the need for thoughtful conceptualisation of likely pathways through which ethnicity affects preterm birth risk, and in turn maternal and infant health. Subsequently we should think of possible ways to intervene in those pathways, especially among Blacks and Asians. The perinatal condition after preterm birth has a great impact on short-and long-term morbidity and short-and long-term healthcare costs. Despite the major effort of much scientific research there is no significant reduction of the risk of preterm birth over the last decades. Instead, the risk has been increasing in most developed countries [3] [4] [5] [6] [7] .
In order to significantly reduce the risk of preterm birth, and the strongly related risk of perinatal morbidity and mortality, we should adjust the perinatal care provided to an individual woman's risk profile. This individual risk profile should be determined using all specific maternal, including paternal and fetal characteristics known to contribute to preterm birth pathogenesis. As presented in this review, black and Asian maternal ethnicity appears to be an important factor in determining such an individual risk profile.
In this review we have demonstrated the ethnic disparities in risk of preterm birth independent of other risk factors. The causal pathway of this phenomenon is likely to be of epigenetic origin. Future research should further focus on the genetic or epigenetic components leading to the increased incidence of preterm birth. In the future, biomarkers might help us to assess the individual risk profile or provide an incentive to investigate preventive treatment strategies.
As the majority of studies in this review focus on ethnic groups living in the United States, the ethnic diversity of other countries is not well represented. 
Conclusions
There are clear ethnic disparities in the risk of preterm birth, with black women being at higher risk.
As ethnic compositions of societies differ greatly, future prospective research should focus on ethnic groups living outside the United States. Despite the heterogeneity of the included studies in defining ethnicity and adjustment for confounding, ethnic disparities clearly exist. This merits research on the causal pathways of these differences, and on preventative measures to reduce the incidence of preterm birth.
